ABSTRACT Poultry meat has a high risk of contamination during its processing. Storage temperature, type of packaging, and types and numbers of psychrotrophic bacteria are the major factors determining the spoilage of poultry meat. Before packaging, poultry carcasses are chilled by air or water currents in commercial slaughterhouses. The packaging material and methods are other factors influencing the spoilage of poultry meat. Although unpackaged carcasses had lower production costs, they were found to contain high numbers of microorganisms. The unpackaged carcasses are often not recommended for food safety and public health risks. The present study examines the growth of some spoilage microorganisms on unpackaged carcasses and on broiler carcasses pack-
INTRODUCTION
Poultry meat has a high risk of contamination during its processing. Storage temperature, type of packaging, types and numbers of psychrotrophic bacteria are the major factors determining the spoilage of poultry meat [International Commission on Microbiological Specifications for Foods (ICMSF), 1998 ]. The most common spoilage bacteria are Pseudomonas, Acinetobacter, Achromobacter, and Brochothrix thermosphacta (Davies and Board, 1998) .
Before packaging, poultry carcasses are chilled by air or water currents in commercial slaughterhouses (Bremner and Johnson, 1996; ICMSF, 1998) . The basic aim for chilling is to maintain the breast temperature between −0.5 and +4°C (Petrak et al., 1999) . However, the chilling method affects the growth of microorganisms and the meat quality (Petrak et al., 1999; McKee, 2001; Sanchez et al., 2002) . The chilling method also affects postmortem biochemical reactions, water-holding capacity, flavor, ap-1 This study was a poster presentation at the 5th International Congress on Food Technology, March 9-11, 2007, in Thessaloniki, Greece. 2 This study is a summary of B. Tuncer's MS thesis of the same title. Corresponding author: tsireli@veterinary.ankara.edu.tr 793 aged in polyethylene bags or synthetic plates. The carcasses examined in this study were collected from the slaughterhouses of the Bolu region of Turkey. All carcasses were subjected to an air or water chilling process in the slaughterhouse and then stored at 0, 4, or 7°C for 14 d. Samples were taken on d 0, 4, 8, 10, and 14 of storage and analyzed for total bacterial count, and for Pseudomonas spp., Enterobacteriaceae, yeasts, and molds. The carcasses packaged in synthetic plates or polyethylene bags and kept at 0°C were microbiologically safer and had longer shelf life, so they are found to be the most reliable for consuming. The shelf life of broiler carcasses could be further increased by improving hygiene and sanitation procedures at the slaughterhouse.
pearance, softness, microbial flora, and shelf life of poultry meat (Davies and Board, 1998; Schreurs, 2000; Fletcher, 2002) .
The packaging materials and methods are other factors influencing the spoilage of poultry meat. The spoilage of carcasses packaged in oxygen-permeable films can be caused by Pseudomonas spp. (e.g., Pseudomonas fluorescens, Pseudomonas putida, and Pseudomonas fragi), whereas Shewanella putrefaciens, Acinetobacter spp., and Moraxella spp. are found to be less damaging (ICMSF, 1998) . In oxygen-impermeable films, the accumulation of CO 2 suppresses the growth of Pseudomonas spp. but creates a suitable medium for the growth of S. putrefaciens, Brochothrix thermosphacta, Enterobacteriaceae, and Aeromonas spp. (ICMSF, 1998; Erol, 1999) .
In this study we examined the growth of some spoilage microorganisms on unpackaged broiler carcasses and on carcasses packaged in polyethylene bags or synthetic plates. All carcasses were subjected to an air or water chilling process at the slaughterhouse and then stored at 0, 4, or 7°C for up to 14 d.
MATERIALS AND METHODS

Products Analyzed
This study was carried out in April and May 2005. Broiler carcasses weighing between 1,800 and 2,100 g Polyethylene bag  10  0  10  0  Synthetic plate  10  10  Unpackaged  10  10  Polyethylene bag  10  4  10  4  Synthetic plate  10  10  Unpackaged  10  10  Polyethylene bag  10  7  10  7  Synthetic plate  10  10  Unpackaged  10  10  Total  90  90 were obtained after air or water chilling from a commercial slaughterhouse in the Bolu region of Turkey, in which the broiler chickens were processed at a rate of 150,000 birds/d. In the water chilling technique, the carcasses were precooled for 15 min in water at 10 to 15°C and then chilled in a water-ice mixture between −1 and 1°C.
In the air chilling technique, the carcasses were hung on a monorail for 90 min in an air current between −2 and 0°C. After the cooling and chilling procedures, 180 carcasses were classified and grouped according to packaging type. The carcasses were kept in polyethylene (PE) bags (group 1), synthetic plates (group 2), or unpackaged (group 3) for each of storage temperatures studied (0, 4, and 7°C). The groups for each temperature and for each package system had 30 carcasses packaged individually. The samples were analyzed for microbiologic count on d 0, 4, 8, 10, 12, and 14 for each storage temperature. Skin samples were taken from the carcasses for analysis of total viable count (TVC), Pseudomonas spp., Enterobacteriaceae, yeasts, and molds on d 0, 4, 8, 10, and 14 of storage (Table 1) . The properties of the packages were as follows. The PE bag was a thermoplastic commodity made by the chemical industry and heavily used in consumer products. It was a low density monomer ethylene-based plastic bag with a density of 0.930 to 0.960 g/cm2 and a thickness of 40 m. The synthetic plate was a crude oil-based material to make synthetic plates wrapped with 14-to 35-mthick polyvinylchloride stretch film. This type of plate is used widely to pack food. After putting the carcasses in the synthetic plate, the plate with the carcass was wrapped with polyvinylchloride stretch film by an automatic wrapping machine (Automac 55, B-220, Vignola, Italy).
Microbiological Analyses
Using a sterile stencil (3.6 cm in diameter), 10-cm 2 samples of skin were excised from the leg and the back of each carcass using a scalpel. A total of 20 cm 2 of skin (2 replicate samples of 10 cm 2 ) was placed in a plastic bag with 180 mL of 0.1% peptone solution and shaken by using a mechanical shaker for 2 min Gill and Badoni, 2005) . Decimal dilution series were set up from the homogenate and spread onto media according to the drop plate method for TVC, Pseudomonas spp., Enterobacteriaceae, yeasts and molds (Swanson et al., 1992; Hitchins et al., 1992; Mislivec et al., 1992; Food and Drug Administration, 1995 ; Food and Agricultural Organization of the UN, 2000). Microbiological analyses were continued on broiler carcasses until organoleptic qualities decayed (Table 2) . Samples with <2.0 × 10 2 cfu/cm 2 (arithmetic means) were excluded from the analyses.
Statistical Analyses
To determine the differences between repeated measurements, an ANOVA was performed. Air or water chilling and storage temperatures (0, 4, or 7°C) were used as factors. For the statistical analysis of 0, 4, and 7°C serogroups, the Duncan test was used. Analyses were carried out using an SPSS 11.5 (SPSS Inc., Chicago, IL) pocket program (Rosner, 2000) .
RESULTS AND DISCUSSION
The TVC results for the 2 different chilling techniques and storage at 0, 4, and 7°C in samples obtained on d 0, 4, 8, 10, 12, and 14 of storage are presented in Table  3 , Table 4 , and Table 5 . The corresponding results for Pseudomonas spp. are presented in Table 3 , Table 6 , and Table 7 , and those for Enterobacteriaceae, yeasts, and molds are presented in Table 8 . The breast temperatures measured in broiler carcasses before and after chilling by 1 of 2 different chilling techniques and storage at 0, 4, or 7°C are presented in Table  9 and Table 10 . The amount of chlorine in the chilling water was 0.3 ppm before chilling and 0.2 ppm after chilling. Al-Mohizea et al. (1994) analyzed the TVC of air-chilled broiler carcasses packaged in PE bags during the first 14 d of storage at 4°C and found the TVC to be 4.10 log cfu/ Means within a column and package form with different superscripts differ (P ≤ 0.05).
1 n was <10 because some samples had total viable counts below the limit of detection (2.0 × 10 2 cfu/cm 2 ). cm 2 on d 0, and on the 14th d of storage, with an increase of 5 log, this value was found to be 9.10 log cfu/cm 2 . In the present study, the TVC was 2.47 log cfu/cm 2 on d 0 and 7.64 log cfu/cm 2 on d 10. The logarithmic increase was similar in both studies but the actual results were found to be different on comparable storage days. In another study, Ristic (1997) analyzed the TVC of airchilled unpackaged broiler carcasses and found it to be 5.52 log cfu/g on d 0 and 8.20 log cfu/g on d 8. In the present study under the same conditions, the TVC were found to be 2.30 and 7.50 log cfu/cm 2 . The difference between the 2 studies was the time of storage required to reach the same count. The differences among the results of Al-Mohizea et al. (1994) , Ristic (1997) , and the present Means within a column and package form with different superscripts differ (P ≤ 0.05).
study are probably because of differences in the initial bacterial count on d 0, the sampling techniques used, and the slaughtering processes. In another study by Regez et al. (1988) , the TVC of water-chilled broiler carcasses packaged in polyethylene bags was 3.50 log cfu/cm 2 on d 0 with a storage temperature of 0°C, 6.00 log cfu/cm 2 on d 12, and 8.00 log cfu/ cm 2 on d 20. In the present study, the TVC after waterchilling was found to be 2.65 log cfu/cm 2 on d 0 and 7.51 log cfu/cm 2 on d 10. Our results are similar to those of Regez et al. (1988) , but the shelf-life was shorter. In addi- Means within a column and package form with different superscripts differ (P ≤ 0.05).
1 n was <10 because some samples had counts below the limit of detection (2.0 × 10 2 cfu/cm 2 ).
tion, Regez et al. (1988) reported TVC of 3.50 log cfu/ cm 2 at 4°C storage on d 0, 7.00 log cfu/cm 2 on d 6, and 9.20 log cfu/cm 2 on d 14. In the present study, the TVC values were 2.60 log cfu/cm 2 on d 0 and 7.51 log cfu/ cm 2 on d 8. The storage time to reach a certain count was less than in Regez et al. (1988) . The difference might be because of the number of daily slaughtering practices and cross-contamination between Ristic (1997) and the current study. Hinton et al. (2004) found counts of Pseudomonas spp. in packaged broiler carcasses of 3.50 log cfu/g immediately Means within a column and package form with different superscripts differ (P ≤ 0.05).
after the water chilling, 8.90 log cfu/g after 7 d of storage at 4°C, and 12.20 log cfu/g after 14 d of storage. In the present study, counts of Pseudomonas spp. on carcasses after water chilling and storage at 4°C were 2.43 log cfu/ cm 2 on d 0 and 7.56 log cfu/cm 2 on d 8. Ristic (1997) reported counts of Enterobacteriaceae of 4.60 log cfu/g after 1 d of storage at 0°C and 6.20 log cfu/g after 8 d of storage at 0°C in unpackaged, waterchilled broiler carcasses. In the present study, the Enterobacteriaceae count of air-chilled unpackaged carcasses stored at 0°C was 2.30 log cfu/cm 2 on d 0 and 5.92 log cfu/cm 2 on d 12. This difference between the Ristic (1997) study and the current study might have arisen from fecal contamination during evisceration.
Counts of Enterobacteriaceae on water-chilled carcasses packaged in PE bags on d 0 and 14 of storage at 4°C were reported as 2.00 and 7.50 log cfu/cm 2 , respectively, by Regez et al. (1988) , and 2.90 and 5.80 log cfu/ cm 2 , respectively, by Gallo et al. (1988) . In the present study, the corresponding results were 2.93 and 6.23 log cfu/cm 2 on d 0 and 10, respectively. In addition, Regez et al. (1988) found the Enterobacteriaceae count on PE bag-packaged samples at 0°C to be 2.00 log cfu/cm 2 on d 0 and 3.20 log cfu/cm 2 on d 12. In the present study, the Enterobacteriaceae counts were 2.30 log cfu/cm 2 on d 0 and 6.42 log cfu/cm 2 on d 10 for water-chilled carcasses packaged in PE bags.
In the present study, the Enterobacteriaceae count on unpackaged, PE bag-packaged, and synthetic plate-packaged carcasses on d 0 was not statistically different for air-and water-chilled groups. It is probable that, after d 0, the difference in bacterial amounts became greater The significance of air chilled groups that are in the same column, different words (P ≤ 0.05).
a-c
Means within a column and package form with different superscripts differ (P ≤ 0.05). Means within a column and package form with different superscripts differ (P ≤ 0.05).
because of the effect of storage temperature, competition of microbial flora, and surface drying. In the present study, the shelf-life at 0°C of air-and water-chilled broiler carcasses packaged in PE bags and synthetic plates were found to be 2 d longer than that of unpackaged broiler carcasses. This difference might be because of the contact of unpackaged carcasses with air and with each other during storage. This might have decreased the time for safe storage.
In conclusion, our results demonstrate that the air-chilling procedure is safer than the water-chilling procedure with respect to microbiological count. With regard to shelf-life, storage at 0°C is better than storage at 4 and 7°C and it prevents spoilage. Hence, air chilling the carcasses and storing them at 0°C will ensure that the quality of the meat is maintained and will benefit the poultry sector economically. For consumer protection, unpackaged poultry products, although inexpensive, are inconvenient in terms of public health and food safety and are, therefore, not advised. We conclude that in addition to PE bag and synthetic plate packaging and air chilling procedures, good hygiene and sanitation practices for slaughterhouse establishments will improve the shelf life of poultry.
